Dirac metals (gapless semi-conductors) are believed to turn into Weyl metals when perturbations, which break either time reversal symmetry or inversion symmetry, are employed. However, no experimental evidence has been reported for the existence of Weyl fermions in three dimensions.
Introduction
It is rare to observe Weyl fermions in three dimensional condensed matter systems. Graphene may be one of the well-studied systems as a two-dimensional Weyl metallic state, where two types of Weyl fermions with opposite chirality appear at separate momenta [1] . However, no experimental evidence has been reported for the Weyl metallic phase in three dimensions, where they are combined more often to form Dirac fermions. Rigorously speaking, this phenomenon is attributed to the fact that the Dirac spinor is the irreducible representation of the Lorentz group in three dimensions while it is the Weyl spinor in two dimensions [2] . Recently, it has been shown that such a Weyl metallic phase must exist near the topological phase transition from a band insulator to a topological insulator in three dimensions when either time reversal symmetry or inversion symmetry is not preserved at the critical point [3] [4] [5] [6] [7] . Actually, the emergence of Weyl fermions has been claimed long before when magnetic fields are applied to gapless semi-conductors (Dirac metals) [9, 10] . A Dirac point is separated into two Weyl points with opposite chirality in momentum space, where their distance is proportional to the applied magnetic field.
The characteristic feature of a Weyl metallic phase is that a Weyl fermion state at one Weyl point must transfer to that at the other Weyl point when currents are driven in the same direction as the momentum to connect two paired Weyl points. This phenomenon is referred to as the Adler-BellJackiw anomaly, which means that the chiral current is not conserved [9, 10] . This nonlocal (in momentum space), more accurately, topological "constraint" has been suggested to cause anomalous magneto-transport phenomena in three dimensional Weyl metals, that is, "negative" magnetoresistivity (MR) when the applied electric field is parallel to the magnetic field. This anomalous longitudinal MR was shown to arise from the suppression of scattering between two Weyl points as the magnetic fields are enhanced [8, 11] . Unfortunately, this Weyl metallic phase has not been confirmed experimentally.
In particular, the "negative" MR (or "positive" magnetoconductivity-MC) has not been observed yet.
In this letter we claim that Weyl fermions appear in is well known [12] [13] [14] (Fig. 1(a) ). A topological phase transition from a band insulator to a topological insulator occurs at % 3 ≈ x , where massless Dirac fermions appear near the L point. Therefore, is natural to expect the emergence of a Weyl metal phase, where the single Dirac point splits into two Weyl points with opposite chirality. We verify the emergence of the Weyl metallic phase by measuring the angle dependence of MR, where the angle corresponds to that between applied magnetic and electric fields. In particular, we observe not only the weak anti-localization near zero magnetic fields (B < 0.4 T) but also an upturn of or increasing MC above 0.4 T only when both magnetic and electric fields are applied in the same direction. The coexistence between weak antilocalization and "negative" MR is remarkable. The experimental observation of weak anti-localization corrections is common for systems with strong spin-orbit interactions [15] [16] [17] [18] [19] . On the other hand, negative MR results from either weak localization or interaction corrections with diffusive dynamics (diffusive Fermi liquids) [20] . In addition, it can appear when magnetic fluctuations are suppressed via magnetic fields, and thus the corresponding scattering rate decreases [21] . Considering the fact that conventional calculations based on density functional theory describe the band structure of [12, 13] , such interaction effects cannot be the physical origin for the "negative" MR. Then, their coexistence is difficult to understand within the perturbation framework for both nonmagnetic randomness and weak interactions in the presence of spin-orbit scattering.
We attribute the underlying mechanism for the upturn of MC to the Adler-Bell-Jackiw anomaly in the presence of weak anti-localization corrections, comparing experimental data with theoretical results from the quantum Boltzmann equation approach with the introduction of the topological B E ⋅ term [22] . In the "longitudinal" magneto-transport configuration where the electric field is parallel to the magnetic field, the dynamics of Weyl fermions is topologically constrained by the topological B E ⋅ term [8, 11] . As a result, the MC increases above a critical magnetic field associated with the weak anti-localization. In contrast, only weak anti-localization corrections to the MC were found in the conventional "transverse" magneto-transport measurements, where the magnetic and electric fields were applied in the z and x directions, respectively. This paper suggests the unexpected coexistence of weak anti-localization and the upturn of "longitudinal" MC as the fingerprints of Weyl fermions in three dimensions, which arise from the topological B E ⋅ term or the Adler-Bell-Jackiw anomaly.
Experiments and analysis Fig. 1(b) - (6) as an important future work. These dips are similar to those observed in graphene [16, 17] and thin films of three-dimensional topological insulators [18, 19] , which were attributed to weak anti-localization. On the other hand, an important difference was observed between the previous studies and the present measurements; the weak anti-localization in the data is due to three-dimensional Dirac fermions instead of twodimensional ones. It is noted that % 3 ≈ x corresponds to the critical point, where three-dimensional Dirac fermions appear. One way to confirm the three-dimensionality is to determine if the scaling property is satisfied for different angles. If the dynamics of Dirac fermions is two dimensional, only the magnetic field perpendicular to the plane for the dynamics of such Dirac fermions leads to cyclotron motions. This scaling behavior was not observed in Bi 0.97 Sb 0.03 , supporting the threedimensional nature of Dirac fermions ( Fig. 2(b) ). The MR data will be fitted to the three dimensional expression for weak anti-localization later.
Unexpected features were noted at higher magnetic fields, particularly for the longitudinal MR configuration of θ = 90°. When θ is near 0°, i.e. a conventional setup for transverse MR, the MR increased quadratically, indicating the dominance of orbital contributions. This standard behavior changed drastically when θ approached 90°, where the MR decreases considerably just after the dip up to B ~ 4 T. Above 4 T, MR increases again. As discussed before, this "negative" MR is difficult to understand within the perturbation framework incorporating both electronic (magnetic) correlations and nonmagnetic impurities in the presence of spin-orbit interactions. The decrease in longitudinal MR at relatively moderate magnetic fields above the region of weak anti-localization is attributed to the topologically constrained dynamics of Weyl fermions, which is given by the chiral anomaly. [23] and a recent paper [22] .
Disappearance of Weyl fermions with -chirality gives rise to the production of those with +, where this dissipationless transfer is equilibrated by several scattering processes to reach a steady state.
The Adler-Bell-Jackiw anomaly and possible scattering channels are described by the semi-classical equation of motion for the momentum, , where τ is an effective mean-free time, determined by the intra-node and inter-node scattering times (node = Weyl point) [23] . Solving this equation of motion to obtain the momentum as a function of both electric and magnetic fields, we find the corresponding electrical current,
, where the solution of the velocity was utilized from the other semi-classical equation of motion [23] . It is essential to notice that there are two additional contributions for electric currents other than the conventional term proportional to the momentum, nonzero only when the Berry curvature exists [24, 25] .
After several straightforward steps with the condition for the Hall effect, J y = 0, we find the expression of
for the longitudinal MC in the weak field region, essentially the same as that from the quantum Boltzmann equation approach, where WAL σ is the conductivity from weak anti-localization corrections associated with intra-node scattering and n σ is that from conventional Fermi surface contributions other than the L-point "Dirac" cone [23] . The most important feature is that the longitudinal MC contains an overall factor of an additional contribution for the momentum of the z-direction, driven by the x-directional electric field along with the x-directional magnetic field under the influence of Berry curvature [23] .
Combined with the last term in the expression of the current, this contribution gives rise to the overall factor proportional to , where a and 0 σ are also determined from the line of best fit, is used [27] . may be discussed based on the "pair-annihilation" scenario [23] . However, a cautious person may criticize that it is unrealistic to consider such paired Weyl points to move all over the whole Brillouin zone away from the L point, because the band gap is rather large for the wave vectors away from the L point. Although our experiments are in the semi-classical regime associated with the Adler-BellJackiw anomaly [24] , it is difficult to exclude the possibility for the formation of Landau levels, increasing magnetic fields to reach the "intermediate" region of the reentrant downturn behavior. This problem on the crossover from the semi-classical regime to the quantum regime is beyond the scope of the present investigation, which needs to be examined more sincerely near future both experimentally and theoretically.
Finally, we remark two different regimes for the Adler-Bell-Jackiw anomaly. The present analysis of the semi-classical regime is justified when the chemical potential is much larger than the cyclotron frequency. On the other hand, the so called ultra-quantum limit is realized when both the chemical potential and temperature are less than the energy gap between the lowest and first Landau levels [8, 11, 28] . Since only chiral branches of the spectrum are occupied, dynamics of these electrons are essentially the same as that of one-dimensional chiral fermions, where intra-node scattering is prohibited [23] . As a result, the effect of the Adler-Bell-Jackiw anomaly becomes enhanced, where the longitudinal current can be relaxed by inter-node scattering only. In this ultra-quantum limit, the correction term of the longitudinal MC is linearly proportional to B due to one-dimensional chiral dynamics, distinguished from the case of the semi-classical regime [23] . All analysis based on the ultra-quantum limit failed to explain our experimental data consistently, indicating that Fermi levels of our samples are located far away from Weyl points [23] . Actually, the location of the chemical potential is consistent with our previous studies on anomalous transport phenomena [29, 30] .
Conclusion
Either time reversal or inversion symmetry breaking in three dimensional Dirac metals gives rise to Weyl metals, where the Dirac point described by the four-component Dirac spinor splits into two Weyl points described by the two-component Weyl spinors with opposite chirality. The dynamics of these Weyl fermions is constrained topologically when their currents are applied in the same direction as the momentum to connect the two Weyl points, referred to as the Adler-Bell-Jackiw anomaly and described by the topological B E ⋅ term. In the present study, the emergence of such Weyl fermions was confirmed from anomalous transport phenomena, applying magnetic fields near the topological phase transition from a band insulator to a topological insulator in scattering due to impurities in order to reach a steady state. Associated with two types of scattering processes, one can introduce two time scales, τ intra and τ inter , where τ intra is the intra-scattering time due to impurities within the same Weyl cone while τ inter is that between two paired Weyl points.
Although we focus on the semi-classical regime without Landau-level quantization, there are two regimes. The approach based on the semi-classical equations of motion is valid when µ ω c , where µ is the chemical potential of the system and ω c is the cyclotron frequency. On the other hand, the quantum regime, which has been discussed intensively but rather intuitively in Refs. [1] [2] [3] , emerges in the limit of ω c 1/τ tr . Here, τ tr = τ intra is the transport time, where the contribution of back scattering is extracted from the relaxation time. In this quantum regime, one finds τ tr = τ intra → ∞ τ inter that results from effectively one-dimensional chiral dynamics of electrons due to Landau-level quantization. In the semi-classical regime, it is natural to assume τ intra τ inter because the inter-node scattering requires finite momentum-transfer [2] . As a result, transport properties are basically determined by τ ef f = τ intra τ inter τ intra +τ inter ≈ τ intra in the semi-classical regime while it is τ inter , the short time-scale that governs electrical transport in the quantum regime.
In the semi-classical regime, the longitudinal magnetoconductivity is found to be σ + const. B 2 σ, where σ is the Drude conductivity proportional to the intra-node scattering time τ intra . The first term results from relaxation due to intra-node scattering processes and it exists even without the other Weyl point as expected. On the other hand, the second term originates from a transfer of electrons from one Weyl point (− chirality) to the other Weyl point (+ chirality), where this dissipationless transfer is relaxed by the intra-node scattering, reaching a steady state. Since a finite momentum-transfer, proportional to the applied magnetic field, is involved in this transfer process, the B 2 contribution appears to enhance the longitudinal conductivity. In contrast, the condition of τ intra → ∞ τ inter in the quantum regime does not allow the intra-node scattering as the case of one-dimensional chiral fermions. Instead, the transport dynamics is governed by τ inter . As a result, the longitudinal magnetoconductivity is found to be |B|σ , where σ is the conductivity associated with the inter-node scattering time, τ inter [1] [2] [3] . There is no Drude-like term in this case and the linear |B| dependence results from effectively one-dimensional chiral dynamics.
B. Data analysis based on the formula of the ultra-quantum limit 1. Discussion on the ultra-quantum limit
When strong magnetic fields are applied along the z-direction, the electron spectrum is given by n (p z ) = ±v 2n( e/c)B + p 2 z with n = 0, 1, 2, . . . , where v is the velocity of the Weyl fermion [1, 2] . In the lowest Landau level identified with n = 0, one obtains 0 = ±vp z , where + and − denote the right and left chirality of each Weyl point, respectively. The so called ultra-quantum limit means that both the chemical potential and temperature are less than the energy gap between the lowest and first Landau levels, i.e., µ, T < v/L B , where
c/eB is the magnetic length [1, 2] . Then, only chiral branches of the spectrum are occupied. This effectively one-dimensional dynamics (due to significant localization in the plane arising from strong magnetic fields) enhances the effect of the Adler-Bell-Jackiw anomaly, because the chirality of the lowest Landau level (ultra-quantum limit) causes the suppression of intra-Weyl-point scattering, originating from a lack of phase space. This is essentially the same as the case of one-dimensional chiral fermions. Contributions to the current from these one-dimensional chiral electrons can be relaxed only by inter-Weyl-points scattering processes, characterized by τ .
Considering the corresponding semi-classical equations of motionṗ z = eE z − p z /τ and
An essential point of this expression is that the conductivity is linearly proportional to the applied magnetic field, distinguished from the B 2 dependence in the semi-classical regime without Landau-level quantization. In addition, intra-node (Weyl point) scattering is not allowed due to the one-dimensional chiral dynamics in the ultra-quantum limit.
Data analysis in the ultra-quantum limit
In order to check if our system is in the ultra-quantum limit, we analyzed the experimental data based on the ultra-quantum-limit formula. For fitting, we first replaced the one-dimensional inter-node scattering time, τ inter , with the scattering time associated with the one-dimensional weak anti-localization correction to reproduce the weak anti-localization part of the experimental data. We considered the formula of B σ 1D,W AL + σ n for the lon- These values will be compared to those of the fitting to the longitudinal magnetoconductivity.
For the longitudinal configuration, the experimental data were fitted by the ultraquantum-limit formula of B σ 1D,W AL + σ n , modified from the correction of the Adler-BellJackiw anomaly in the ultra-quantum limit. The fitting result to this formula, presented in Fig. S2(a) , turns out to be quite poor. In this case, the fitting parameters are a = 4.15
In fact, we found that both the weak anti-localization correction and the upturn in the longitudinal magnetoconductivity cannot be fitted simultaneously as long as both a and A are positive as they should be.
We also investigated the possibility that the weak anti-localization correction and the upturn behavior of the longitudinal magnetoconductivity arise in a separate way, where the former appears from three-dimensional dynamics of electrons in the presence of the spin-orbit coupling and the latter comes from the effective one-dimensional chiral dynamics, respectively. In this case, the conductivity is expressed by σ 3D + σ n + B C W , where C W is associated with the inter-node scattering time. At this moment, we cannot clearly explain the origin of the three-dimensional weak anti-localization correction. The fitting based on this formula is presented in Fig. S2 All analysis support that our system is not near the ultra-quantum limit but in the semiclassical regime, which is quite in agreement with the band structure of Bi 1−x Sb x at x ∼ 3 %, where the Fermi level is located far above the Weyl points. Actually, this tendency associated with the chemical potential is quite consistent with anomalous transport physics of our previous studies [4] . We believe that no theoretical studies have been performed for this crossover regime yet.
This problem on the crossover regime is beyond the scope of the present investigation, which needs to be examined more sincerely near future both experimentally and theoretically.
II. A FORMAL DEVELOPMENT OF THE QUANTUM BOLTZMANN EQUA-TION IN THE PRESENCE OF THE TOPOLOGICAL E · B TERM A. Quantum Boltzmann equation
We start from the quantum Boltzmann equation for a steady state [5] B. Semi-classical equations of motion r and p are governed by semi-classical equations of motion [6] , given bẏ
where Ω p represents the Berry curvature of the momentum space. Solving these equations, one obtainsṙ
An essential point is the presence of the E · B term in the second equation, imposing the Adler-Bell-Jackiw anomaly [2] .
A cautious person may ask how these semi-classical equations reflect dynamics of Weyl electrons in three dimensions because the equation ofṗ seems to apply to generic systems with non-zero Berry curvature, and not limited to Weyl metallic phases. Generally speaking,
we have Ω p = Ω −p in systems of time reversal symmetry while we get Ω p = −Ω −p in centro-symmetric systems [2] . As a result, we cannot avoid to reach the conclusion Ω p = 0 when systems contain both time reversal and inversion symmetries. Since the Dirac system contains both time reversal and inversion symmetries, we reach the conclusion that the Berry curvature vanishes, inevitably.
More mathematically speaking, the Berry curvature is given by the so called chiral charge, regarded as a topological charge (invariant). The Dirac band has both + (right) and − (left) chiral charges, and their sum give zero, corresponding to the vanishing Berry curvature. In other words, a magnetic monopole with + charge exists together with that with − charge at the same momentum point, which does not allow a non-zero Berry curvature. On the other hand, each Weyl point is characterized by each chiral charge, either + or −, which should appear in a pair. As a result, each Weyl point, identified with a magnetic monopole of its corresponding charge, gives rise to a non-zero Berry curvature.
C. Self-energy correction from intra-node scattering
Inserting these equations into the quantum Boltzmann equation and performing some algebra, we obtain the following expression
where the argument of (p, ω) is omitted for simplicity.
The lesser self-energy is given by
Here, we consider gauge interactions [7] for example. problem, the precise form of the lesser self-energy is not important for our derivation.
D. Ansatz for the lesser Green's function
We write down the lesser Green's function in the following way [7] 
which consists of the equilibrium part (the first term) and its correction term (the second term). We call Λ(p, ω) "vertex distribution-function" although it sounds somewhat confusing. f (ω) is the Fermi-Dirac distribution function.
E. Scattering rate
Inserting this ansatz into the quantum Boltzmann equation with the expression of the lesser self-energy and performing some straightforward algebra, we obtain
where we have used the following relation
F. Vertex distribution-function
Writing down the quantum Boltzmann equation in terms of components and focusing on dynamics near the Fermi surface, we reach the following expression for each component,
and
where the transport time is given by
We note the 1 − cos θ factor in this expression, which extracts out back scattering contributions.
III. CURRENT FORMULATION
It is natural to define a current in the following way [2]
We note theṙ term in the integral expression.
Inserting the ansatz for the lesser Green's function into the above expression, we obtain
Then, the x−component is given by
IV. ANOMALOUS TRANSPORT PHENOMENA A. B = B zẑ and E = E xx
Solving the quantum Boltzmann equation in the conventional setup of B = B zẑ and
Here, we replaced Γ(p F , ω) with
is the cyclotron frequency.
Inserting the vertex distribution-functions into the current formula, we obtain
Here, we performed an expansion for the Berry curvature up to the second order since the integration in the momentum space for the Berry curvature vanishes when the integral expression contains an odd power for the Berry curvature. Recall that the integral value is given by either +1 or −1, which depends on the chirality of the Weyl point [2] . N F is the density of states, determined by the chemical potential.
The above expression becomes more simplified as follows
where C, C , andC are given by integrals of momentum and frequency for the spectral function. The first term is the conventional contribution for the magnetoconductivity. On the other hand, other two terms result from the Berry curvature.
In summary, the magnetoconductivity is
B. B = B xx and E = E xx Solving the quantum Boltzmann equation in the unconventional setup of B = B xx and
where ω x c = eBx mc is the "cyclotron" frequency associated with the B x field. We notice that there are E · B = E x B x terms, which are topological in their origin.
Inserting these vertex distribution-functions into the current formula, we obtain a rather complicated expression for the x− component of the current,
Expanding the above expression up to the second order for the Berry curvature, we obtain 
The first term is also the conventional contribution near the Fermi surface, but there is no dependence for magnetic fields. This is certainly expected because the magnetic field is in the same direction as the electric field. On the other hand, the second contribution originates from the topological E · B term. The third term is also anomalous, which results from the Berry curvature but not from the E · B term.
In summary, the "longitudinal" magnetoconductivity is 
C. Discussion
In order to compare the expression of the "longitudinal" magnetoconductivity with that used in our fitting for the experimental data, we rewrite the above expression as follows [8] σ
where σ n (T ) = CN F e 2 v 2 F τ tr (T ) is the normal conductivity and C W = 2(C /C)(e 2 /c 2 ) is a positive constant. Fitting to our experimental data, we replace this normal contribution with the conductivity that contains weak-antilocalization corrections, named as σ W AL (B x , T ). In addition, we introduce another normal conductivity, denoted by σ n (T ), which originates from other bands at the chemical potential. Although we use the same symbol as the above, do not confuse the apparent difference. As a result, we propose the "longitudinal" magnetoconductivity in the presence of the weak-antilocalization correction as follows
where the overall factor C W B 2 x is purely topological in its origin. Actually, what we have done in this supplementary material is to derive this overall factor. In the conventional setup with B = B zẑ and E = E xx , we suggest σ L (B z , T ) = σ W AL (B z , T ) + σ n (B z , T ), where σ n (B z , T ) results from other bands. This expression turns out to reproduce the experimental data even quantitatively well. 
where the momentum of an electron wave-packet is relaxed after the mean-free time τ .
Here, τ = τ intra τ inter /(τ intra + τ inter ) ∼ τ intra in the semi-classical regime of τ intra τ inter , where τ intra(inter) is the mean-free time associated with intra-(inter-) node scattering due to impurities [2] .
Solving this equation of motion to obtain the momentum as a function of both electric and magnetic fields, we find the corresponding electrical current, given by
where the other solution for the semi-classical equations of motion is utilized. It is straightforward to obtain transport coefficients from this expression. It is essential to notice that
